We analyse factors driving inter-firm and intra-firm diffusion of ICT using data from Irish manufacturing firms over the period [2001][2002][2003][2004]. We find that the path of ICT diffusion has been uneven across firms, industries and space which is consistent with the theory of new technology adoption. Our research results suggest that firms which are larger, younger, fast-growing, skills-intensive, export-intensive and firms located in the capital city region have been relatively more successful in adopting and using ICT. We find positive technology spillovers from firms that have adopted ICT located in the same industry and region. To a certain extent, patterns of ICT adoption are different for domestic and foreignowned firms, in particular with respect to the effects of exposure to foreign markets and firm size.
Introduction
Information and Communication Technologies (ICT) are at the core of the "new"
knowledge-based economy. There is growing evidence suggesting that ICT-linked knowledge, innovation and ongoing technological change are strong determinants of productivity, growth differentials as well as the ability of countries to benefit from globalisation (Jorgenson and Stiroh, 2000; Oliner and Sichel, 2000; Bassanini and Scarpetta, 2002; OECD, 2004; Timmer and van Ark, 2005) .
The impact of ICT investment on productivity and growth is found to be greater at firm-level in comparison to industry and country-levels Hitt, 2000, 2003; Lehr and Lichtenberg, 1999; Matteucci et al., 2005) . At the firm level, ICT use leads to improvements in product design, marketing, production, finance and the organisation of firms (Hollenstein, 2004) . Furthermore, ICT is an innovation driver through facilitating the creation of new products and services (Becchetti et al., 2003; Carlsson, 2004; Hollenstein, 2004) . ICT use increases the productivity of R&D activities in downstream sectors, so ICT use is the source of "innovation complementarities" (Bresnahan and Trajtenberg, 1995) .
The focus of this paper is on the adoption of ICT at firm level. We distinguish between inter-firm adoption and intra-firm diffusion of ICT. Specifically, the question we investigate in this paper is: what factors affect the chances of adoption and diffusion of ICT at the firm level? We use a novel data set including survey information on ecommerce and ICT in Irish manufacturing firms and examine the impact of firm characteristics (rank effects) and spillover effects from proximity to ICT adopters (epidemic learning effects) as suggested by the existing theoretical and empirical literature on new technology diffusion.
Uncovering the factors driving ICT adoption and diffusion is important and relevant for both research and policy. First, in contrast with a well established theoretical literature on new technology adoption and diffusion, firm-level empirical evidence on ICT adoption and diffusion is still limited. Second, from the policy perspective, to the extent that a wide and fast diffusion of ICT is desirable, it is essential to understand what factors are likely to increase the adoption and diffusion of ICT.
This paper contributes to the empirical literature on determinants of new technology diffusion. Specifically, in comparison to existing cross-section studies, we estimate an improved econometric model by using a novel panel data and account for firm heterogeneity, industry, region and time specific effects which reduces the omitted variables bias. Our results show that the path of ICT diffusion across firms, industries and regions has been uneven which is consistent with the theory of new technology diffusion.
We find empirical evidence which supports the hypothesised rank and epidemic learning effects.
The remainder of this paper is structured as follows. In Section 2 we discuss the related theoretical and empirical literature and testable hypotheses about the factors driving ICT adoption at firm level. In Section 3, we describe our data set, the ICT indicators and explanatory variables that we use in our empirical analysis. Section 4 outlines our empirical strategy and model specifications and in Section 5 we discuss our main results.
Finally, we summarise our findings and conclude in Section 6.
Theoretical and Empirical Background
The theoretical starting point for our analysis is the well-established literature on new technology diffusion 1 . The main outcome of the new technology diffusion models is that the preferred adoption dates vary across potential adopters of a new technology. To understand the adoption and diffusion of ICT as a new technology it is therefore essential to uncover the factors that explain the variation in the rates of its adoption across firms, industries, regions and countries.
The early models of new technology diffusion known as epidemic models (Mansfield, 1963a (Mansfield, ,b, 1968 assumed that the adoption of a new technology depends on the spread of information about its availability or other "epidemic-type" learning factors.
Information spreading or epidemic learning help to reduce the uncertainty related to new technologies. The learning effects are assumed exogenous and the diffusion path is driven by the reduction in the cost or improvement in the quality of the new technology (Stoneman, 2002) . At any point in time only a number of potential adopters would wish to use, or would be sufficiently informed to use the new technology. The epidemic models predict that the adoption of new technology increases over time as the risk to adoption decreases due to learning effects across and within firms (Battisti and Stoneman, 2005) .
Another group of theoretical models link the variation in the preferred adoption date to differentials in returns (profitability) to potential adopters from adopting the new technology. Rank (or probit) models (David, 1969; Davies, 1979; Ireland and Stoneman, 1986 ) point to firm heterogeneity as a driving factor behind differentials in gross returns from using the new technology and the variation in the preferred adoption dates. Thus firms with high returns from the adoption of new technology will be early adopters while firms with low returns from adoption will be late adopters. Stock models assume that the benefit to the marginal adopter from acquiring a new technology decreases with the increase in the number of previous adopters. Thus for any cost of acquiring the new technology, the adoption will not be profitable beyond a certain number of adopters. The adoption of a new technology is modelled as a strategic decision using a game-theoretic approach (Reinganum, 1981) . Order models (Ireland and Stoneman, 1985; Fudenberg and Tirole, 1985) assume that the return to a firm from adopting a new technology depends upon its position in the order of adoption: the high-order adopters achieve a greater return than low-order adopters. Furthermore the decision of high-order adopters can affect the adoption date of low-order adopters. It follows that the firm's decision to adopt a new technology takes into account how waiting will affect its profits.
The theoretical literature also distinguishes between inter-firm diffusion -the diffusion path of the number of firms using the new technology, and intra-firm diffusionthe intensity of using the new technology by individual firms (Stoneman, 2002; Battisti and Stoneman, 2005) . In the case of inter-firm diffusion, the adoption decision leads to a revenue externality while in the case of intra-firm diffusion, revenue externalities are internalised and appear in the marginal revenue from the adoption of new technology (Stoneman, 2002) .
The bulk of existing empirical studies on determinants of new technology diffusion have focused on inter-firm diffusion while intra-firm diffusion has been less investigated (Battisti and Stoneman, 2005) . Empirical evidence suggests that inter-firm diffusion appears more important in the earlier stages of adoption while intra-firm diffusion becomes more important later in the diffusion process (Battisti and Stoneman, 2003) .
While a large number of empirical studies have focused on a single model of new technology diffusion, models capturing all main effects-rank, stock, order and epidemic effects have been also estimated.
Rank effects have been modelled by using variables related to firm characteristics, such as sectoral specialisation, firm size, skill composition of the work force, and organisational structure. Helpman and Trajtenberg (1998) analyse the adoption of GeneralPurpose Technology (GPT) and point to sectoral specialisation as an explanatory factor.
They show that GPT adoption is quicker when productivity growth is high with respect to the old technology. To the extent that ICT fosters productivity growth, this suggests that ICT adoption may be faster in ICT intensive industries relative to the rest of industries.
Several empirical studies support this hypothesis. Love et al., (2005) show that the level of investment in information technology differs across industries. Cheung and Huang (2002) find evidence of major differences in the usage of the Internet across industries in Singapore.
Another stylised fact supported by a large empirical literature is that larger firms are more likely to adopt new technologies faster. Firm size is commonly used in the empirical literature on new technology adoption because it is easy to observe and it serves as a proxy for several things (Geroski, 2000) : large firms can earn higher profits from adopting new technology in comparison to small firms. Given the risks and costs of early adoption they are in a better position to adopt new technology because they have fewer financial constraints and because they are likely to be less risk averse. They might be more motivated and able to innovate in order to pre-empt smaller rivals; also the scope for innovation complementarities is likely to be greater in larger firms. A positive correlation between firm size and ICT adoption is found in a number of empirical studies (Fabiani et al., 2005; Morgan et al., 2006; Teo and Tan, 1998; Thong, 1999) . Other studies, in contrast, have found a weak or not significant relationship between firm size and the adoption of ICT (Lefebvre et al., 2005; Love et al., 2005; Teo et al., 1997) . Furthermore, Hollenstein (2004) shows that this relationship might be non-linear. He finds that in the case of a sample of Swiss firms, firm size is positively related to early, and intensive use of ICT 2 only in firms with up to 200 employees. He also finds that medium-sized companies use the Internet more intensively in comparison to large firms.
Following the seminal paper by Nelson and Phelps (1966) , a large empirical literature has focused on the relationship between human capital and new technology adoption. Chun (2003) provides empirical evidence showing that highly educated workers are more likely to implement new technologies such as information technology. Bartel and Sicherman (1999) find that industries with higher rates of technological change require highly skilled workers. Caselli and Coleman (2001) find that educational attainment is an important determinant of the level of investment in computers in a sample of OECD countries over the period .
Firm-level evidence suggests that firms using advanced technology require highskilled workers (Doms et al., 1997) . Furthermore, the presence of high-skilled workers fosters innovation and facilitates ICT adoption and use at firm level (Arvanitis, 2005;  Bayo-Moriones and Lera-López, 2007; Bresnahan et al., 2002 , Fabiani et al., 2005 Falk, 2005; Lucchetti and Sterlacchini, 2004) .
Another result in the empirical literature is that productivity gains are larger in firms that adopt ICT and change their internal organisation: For example, as shown by Caroli and van Reenen (2001) , ICT adoption is associated with more horizontal structures, fewer hierarchical levels, a higher extent of team work and greater worker participation. Bresnahan et al. (2002) find that the use of information technologies is complementary to innovations in workplace organisation such as broader job responsibilities for line workers, more decentralised decision-making, and more self-managing teams. Further, information technology and new organisation models are complementary to worker skills. Lynch (2001, 2004) find that firms in the US that improved their internal organisation to incorporate more high performance practices in conjunction with ICT experienced high productivity growth.
Competitive pressure has been identified as an incentive to innovate and adopt new technology (Porter, 1990; Gattignon and Robertson, 1989) . Firms facing stronger competition are more inclined to innovate and adopt new technologies, such as ICT, in order to strengthen their performance and survival rate. Several studies show that competitive pressure is positively associated with ICT adoption (Dasgupta et al., 1999; Hollenstein, 2004; Kowtha and Choon, 2001 ). In contrast, other papers find no significant effect of competitive pressure on ICT adoption (Lee, 2004; Teo et al., 1997; Thong, 1999) .
It has been argued that firms exposed to international competition in export markets are more inclined to innovate and adopt new technologies. Hollenstein (2004) , Lucchetti and Sterlacchini (2004) (Jaffe et al., 1993; Jaffe and Trajtenberg, 1999; Eaton and Kortum, 1999; Keller, 2002) .
Another important aspect of the environment in which firms operate that is relevant for ICT adoption relates to the network nature of ICT. On the one hand, being part of a network increases the awareness of the new technology and reduces the risks associated with adopting and using it (Gourlay and Pentecost, 2002) . In addition, network externalities are positively related to the number of users of the new technology (Oulton, 2002) . On the other hand, the larger the number of firms, the more likely is the occurrence of coordination failures that can slow down the adoption rate (Cooper and John, 1988) .
In relation to the role that networks play in the adoption of ICT it has been shown that given the increased need for co-ordination of activities, being part of a multinational increases the probability of adopting ICT. Galliano et al. (2001) show that multinational ownership is positively associated with ICT adoption. However, Teo and Ranganathan (2004) find no difference between foreign-owned and domestic plants with respect to the adoption of business-to-business (B2B) electronic commerce in Singapore. Karshenas and Stoneman (1993) estimate an empirical model which captures simultaneously rank, stock, order and epidemic effects by using data on the diffusion of computer numerically controlled machine tools (CNC) in the UK engineering industry over the period [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] . While their findings suggest the presence of rank and epidemic effects, there is little evidence of stock and order effects.
Our analysis relates to a few empirical studies investigating the ICT adoption at firm level. Fabiani et al. (2005) find that in Italian manufacturing, ICT adoption is positively associated with firm size, human capital, presence of large firms, and changes in organisational structures. Hollenstein (2004) looks at Swiss firms and finds similar results.
In addition, he finds evidence for the positive effects on ICT adoption of information spillovers between firms and competitive pressure. Bayo-Moriones and Lera-López (2007) find that establishment size, multinational ownership and a highly-skilled workforce are positively associated with ICT adoption in a sample of Spanish firms. Furthermore, in their analysis quality control systems and team-based organisation or work are found to play an important role in ICT diffusion within firms.
Data
Our dataset is obtained by combining information from two sources. One data source is the The final working sample includes firms in the core manufacturing industries.
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Further, we checked the data for outliers. We define as outliers observations where wages per employee are in the top or bottom quarter percentile of the distribution. In addition, we define as outliers observations that have changes in labour productivity, output growth, wages per employee, the share of sales due to online transactions, the share of clerical workers and the share of managerial and technical workers in the top and bottom half percentiles of the distribution. We accumulate outliers and delete all firms that have one or more outliers according to this definition.
To measure ICT adoption, we construct the following four indicators:
Indicators of inter-firm ICT adoption:
-web: 1 if the firm has a website, 0 otherwise;
-ns: 1 if the firm accepts online transactions, 0 otherwise.
Indicators of intra-firm ICT diffusion:
-empucomp: the share of employees using a computer in the total number of employees;
-esale: the share of sales (turnover) due to online transactions -carried out via a website, email, and electronic data interchange (EDI).
The left half of Table 1 provides summary statistics related to our indicators of interfirm ICT adoption, namely the existence of a website (web), and whether the company accepts online orders (ns). As shown in Table 1 , by 2004, 60 per cent of firms had a website. The share of firms that have a website is higher for larger firms. The regional differences are not very large; the share of firms with a website is highest in the greater Dublin area. The share of firms having a website is 45 per cent for domestic firms and 72
per cent for foreign-owned firms. The share of firms that accept online orders has increased over the analysed period to just over 15 percent in the sample. The share of firms that accept or have received online orders is lowest in the group of firms that have between 250 and 499 employees; it is highest among the largest firms. The shares of firms that accept online orders do not differ much between domestic and foreign-owned firms.
However, they differ substantially across the different NUTS3 regions, with the capital city region having the highest share of firms with online transactions. The right half of Table 1 
Empirical Strategy and Model Specifications
To estimate inter-firm and intra-firm diffusion of ICT, we focus on the role of rank and epidemic effects suggested by the theory on new technology diffusion as discussed in Section 2. Given the fact that our data does not contain information on the initial dates of ICT adoption we are unable to identify stock and order effects.
We 
(1)
Rank effects
We measure firm size using the number of employees and identify the following five size classes: firms with less than 20 employees (S 1 ), firms with 20-49 employees (S 2 ), firms with 50-249 employees (S 3 ), firms with 250-499 employees (S 4 ) and firms with 500 and more employees (S 5 ). s 1 , s 2 , s 3 , s 4 are dummy variables for the size classes S 1 , S 2 , S 3 and S 4 , respectively. In all regressions, the largest firms (S 5 ) are the reference group. Assuming that large firms are early adopters of ICT or use it more intensively, we expect negative coefficients for . , , ,
Further rank effects include output growth (dlnto), firm age (age) and its square term (age 2 ) and a dummy variable which indicates whether a firm is a multi-plant firm (multi). The inclusion of these variables is based on the prior that fast-growing firms, new firms or firms with outdated equipment are more likely to adopt new technologies or use them more intensively ). While we expect to find 0 5 > β , the signs for 6 β and 7 β are ambiguous. This follows from the fact that while older firms may show higher rates of ICT adoption and use due to learning effects, younger firms may be better placed to adopt recent available technologies (Barbosa and Faria, 2008) . Multiplant enterprises may be more likely to adopt ICT early as they can spread the cost over several entities and benefit from enhanced communication within the group.
As a proxy for human capital we use average wages per employee (wpe). In addition, we control for the skill composition of employees by using the share of managerial and technical staff in all employees (mantech), and the share of clerical staff, including sales representatives, in all employees (clerical). We expect to find that the 
If the parameters 14 1 β β − are significantly different from zero, the hypothesis of the presence of rank effects cannot be rejected.
Epidemic effects
As pointed out above, spillover effects from interactions between firms are likely to be important determinants of ICT adoption at firm level. Firms might benefit from technology spillovers (epidemic learning effects) only if they are located near other firms adopting ICT (i.e. within the same region) or if they are part of the same industry.
To estimate epidemic effects we use two variables: the share of ICT adopters in the same industry j and region r at time t (epid_indreg jrt ) and the share of ICT adopters in the same industry j located in the rest of the regions ( r ) at time t ( 
where a jrt X denotes enterprises that are using ICT in industry j, region r at time t and jrt X is the total number of enterprises inn industry j, region r at time t.
We calculate these epidemic (spillover) measures based on the number of firms that have a website (epid_indreg_web and epid_ind_web) when the dependent variables are whether the firm has a website (web) and the share of employees using computers (empucomp). In turn, they are based on the number of firms accepting electronic orders (epid_indreg_ns and epid_ind_ns) when the dependent variables are whether a firm accepts online orders (ns) and the share of turnover due to online transactions (esale).
We control for unobserved industry-, region-and time-specific effects: λ j , λ r , λ t , respectively are dummy variables for 20 NACE 2-digit industries, 8 NUTS3 regions and the years in our panel. Definitions, sources and summary statistics of all variables are given in the Appendix.
We estimate equation (1) using a probit estimator when our dependent variables are the bivariate indicators of inter-firm ICT adoption as it is the case with web and ns. The estimates related to the discrete dependent variables are shown in Tables 2 and 3 . We further estimate a bivariate probit model for web and ns assessing firms' propensities to both have a website and to accept online sales. The results for this regression are shown in Table 5 .
In the case of intra-firm ICT adoption, the dependent variables are continuous (empucomp, esale) and they take values between 0 and 1. In this case, we estimate a fractional probit model following Papke and Wooldridge (1996) . The estimates related to the intra-firm ICT adoption are shown in Tables 6 and 7 . The fractional probit model is appropriate for this type of data as it overcomes many of the flaws associated with Tobit or OLS models when the dependent variable is continuous taking values between 0 and 1. Papke and Wooldridge (1996) propose a non-linear function for estimating the expected values of dependent variables i y conditional on a vector of covariates, i x , as follows:
where G is any cumulative distribution function and the betas are the true population parameters. They chose the following logistic distribution 7 :
( )
and suggest the use of the following Bernoulli log-likelihood function to obtain the quasimaximum likelihood estimator, :
In all our regressions the standard errors are adjusted for clustering at the firm level. It might be the case that for a number of explanatory variables the firm's decision on their level may not be exogenous to the firm's decision on ICT adoption or the intensity of ICT use. In order to reduce potential endogeneity, all regressors are lagged by one year. This is possible because the explanatory variables are based on the Census of Industrial Production which collects information for all firms with more than three employees in every year. In the case of the epidemic effects terms, we are able to use lags without losing a year of data for those epidemic effects based on the share of firms with a website, because the CIP also collects information on whether firms have a website or not since 1999. For those epidemic effects based on the number of firms that accept online orders we have information for 2001 as this relates to monetary information collected for the year before the Survey on E-commerce and ICT is conducted. Ideally we would also like to control for firm fixed effects, however the large panel variation in combination with a short time dimension does not make this an appealing option.
8
It has been argued that foreign owned firms are more likely to be early adopters of new technology and that they are important channels of new technology diffusion (Narula and Zanfei, 2005; Barbosa and Faria, 2008) . To capture the ownership effect on ICT adoption and diffusion, we estimate the models for all firms jointly, but also for domestic and foreign-owned firms separately.
Empirical Results
The estimates for whether firms have a website are shown in Table 2 . The models presented in the first two columns are estimated for all firms jointly. The model shown in the second column includes epidemic effects. The third and fourth column present results for separate estimations for the domestic firms and the foreign-owned firms.
The results indicate that smaller firms, in particular firms with less than 50 employees are less likely to have a website in comparison to firms with 500 and more employees. This seems to be the case for the domestic firms only. Further, our results indicate that fast-growing and younger firms are more likely to have a website. The human capital and employee composition variables (the average wage per employee, the share of managerial and technical employees and the share of clerical employees) have a positive effect on a firm's probability to have a website. For the foreign firms, only the average wage per employee has a significant effect on the probability of having a website.
Exposure to competition on foreign markets as measured by the export intensity has a positive impact on the probability of a firm to have a website. It is also a case that beyond a certain level of export intensity the firms' probability to have a website increases less than proportionally as can be seen from the negative sign on the square term. There is no evidence of geographic (location) effects on the probability of having a website, except at the margin for the foreign-owned firms where being located in some regions outside Dublin has a positive impact on a firm's probability to have a website. The time dummies are significant indicating a positive time trend in the adoption of websites.
The industry dummies are jointly significant except for the foreign-owned firms. When we include the epidemic effects, we find that when firms are located in the same industry and region with a large share of other firms that have a website they are also more likely to have a website. For the foreign-owned firms there seems to be a negative compensating effect from being in the same industry but not in the same region with a large share of firms that have website. Table 3 shows the estimates for a firm's propensity to accept orders online. There is no evidence of size effects 9 or effects from other firm characteristics and even the composition of the work force does not matter much. An important driver is again exposure to competition on export markets, also with the inverse u-shaped relationship observed previously. The export intensity matters only for the domestic firms. There are two possible reasons for this which are not mutually exclusive. First, this result reflects the fact that virtually all foreign-owned firms are exporters, while the domestic firms have on average smaller export intensities and the share of non-exporters among them is also larger. To the extent that exporting is closely correlated with productivity, 10 this indicates that the more productive domestic plants are also more likely to accept online orders.
Second, for the foreign-owned firms it is quite likely that the decision to implement an online ordering system is beyond their control because it is taken in their headquarters abroad.
There are significant location effects, in that firms that are located outside the capital city region are less likely to accept orders online, in particular the domestic firms.
We observe a positive time trend except for the foreign-owned firms. The industry dummies are jointly significant when we do not include the epidemic effects and for the foreign-owned firms with the epidemic effects included. The epidemic effects here indicate that being in a region and industry where there is a large share of firms that accept online orders has a positive impact on a firm's propensity to accept online orders. For the domestic firms there is weak support that being in an industry with a large share of firms that accept online orders also has a positive impact.
We further examine to what extent firms use both a website and online orders. Table 4 shows the distribution of firms in four groups: firms using both a website and 9 The negative significant coefficient on the group of domestic firms with 250-499 employees possibly reflects the fact that most firms in this group are in the food sector (NACE15) which has one of the lowest shares of firms accepting online orders. 10 There is evidence that more productive firms are more likely to select into exporting both internationally (International Study Group on Exports and Productivity, 2007) as well as for Ireland (Ruane and Sutherland, 2004) .
accepting online orders; firms accepting online orders but with no website (this is not a contradiction as online orders includes email and EDI); firms having a website but not accepting online orders; firms with neither online orders nor a website. The sample size for this analysis is smaller in comparison to the previous two regressions because the observations for web and ns come from different years. As we can see more than half of the firms in the sample have a website but only about 13 per cent of firms accept or have received online orders and only about 10 per cent of the firms have both a website and accept online orders.
The estimates of the bivariate probit model are shown in Table 5 . Firms with a large share of clerical employees, firms with higher export intensities, and firms located in the capital city region are more likely to have a website and to accept online orders. Being in the same industry and region where there is a high share of firms that have a website and in the same industry and region where there is a high share of firms that accept online orders has a positive impact on firms to do both: have a website and accept online orders.
Firms with less than 20 employees are more likely to accept online orders without having a website than firms with 500 employees or more. The same is true for firms with a small share of managerial and technical staff. There are location effects: firms located in some areas outside the capital city region are less likely to accept online orders but not have website. There are positive epidemic effects from being in the same industry and region with a large share of firms that accept online orders, but negative spillover effects from being in an industry and region where a high share of firms have a website for a firm's propensity to accept online sales, but having no website. For a firm's propensity to have a website but not to accept online orders, the determinants are very similar to the results in Table 2 where we assessed the propensity to have a website only. In the last column of Table 5 we can look at the determinants of not having a website and also not accepting online orders. Firms with less than 20 employees have a higher propensity to fall into this group than firms with 500 and more employees, and so do older firms. Firms with high human capital intensities are less likely to fall into this group, the same is true for firms with high export intensities (with an increasing propensity). The negative coefficients of both measures for epidemic effects and the suggest that this group of firms might be missing out on the ICT diffusion path. We next analyse determinants of intra-firm ICT diffusion or the intensity of ICT use within firms. We start by examining the estimates of the share of employees using computers shown in Table 6 . Firms that have between 20 and 249 employees are marginally less likely to have a high share of employees using computers than firms with 500 and more employees; however this result disappears when the epidemic effects are included. Younger firms are associated with higher shares of employees using computers.
Not surprisingly, there are strong positive effects from the average wage per employee and from large shares of managerial and technical employees as well as from large shares of clerical employees. Again, only for the domestic firms a high export intensity is positively associated with the share of employees using computers. There are some location effects; also here some regions have a lower propensity to have a high share of employees using computers than firms located in the capital city region. There are positive effects from being in an industry and region where a high share of firms have a website and from being in the same industry but not the same region where a high share of firms have a website has a positive impact on the share of employees using computers. Here the industry effects are stronger than the industry-region effects; this is plausible when considering that some industries are much better suited for the use of computerised production processes than others. Table 7 shows the estimates for our second measure of the intensity of ICT use, namely the share of turnover due to online transactions. In this case only a few determinants appear significant. There is some indication that smaller firms (having between 20 and 49 employees) are associated with smaller shares of turnover due to online transactions than the largest firms. Again export intensity or exposure to international competition has a positive impact for the domestic firms only. We find a significant negative effect from being part of a multi-unit enterprise on a firm's propensity to have a Given the fact that the intensity of ICT diffusion depends on ICT adoption (Battisti and Stoneman 2005 ) the estimates of determinants of intra-firm ICT diffusion might reflect a sample selection bias. When the dependent variable is the share of employees using computers (empucomp) this is not an issue since by 2004, 96 per cent of all enterprises in the dataset use computers. To address this concern when the share of turnover due to online transactions is the dependent variable we also estimated a Heckman selection model where selection depends on whether a firm accepts online orders. We model the selection decision as a function of firm size, firm age, the multi-unit dummy, industry, region and time characteristics. However, the selection term does not turn out to be significant and the results for the share of turnover due to online transactions do not change qualitatively.
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Concluding Remarks
This paper contributes to the empirical analysis of determinants of new technology diffusion. In comparison to existing cross-section studies we estimate an improved econometric model using a novel firm-level panel data from the Irish manufacturing. In particular, we provide empirical evidence on factors driving the inter-firm ICT adoption (the usage of web sites, online orders) and intra-firm ICT diffusion (the share of employees using computers, the share of turnover due to online transactions). We find that the path of ICT diffusion has varied across firms, industries and regions which is consistent with the theory of new technology diffusion. Our results support the hypothesised rank and epidemic effects. In appears that the speed of ICT diffusion is influenced by firm characteristics such as firm size, age, skill intensity, exposure to foreign markets and proximity to early adopters of ICT in the same industry and regions.
Our main findings can be summarised as follows. The propensity to have a web site is higher for larger, younger, fast-growing, skill-intensive and export-intensive firms.
Industry concentration in the domestic market does not appear to have a significant effect on the speed of ICT diffusion. In contrast to domestic firms, in the case of foreign-owned firms, size does not matter. The probability of having a website has increased over time 11 Results are not reported but are available from the authors on request.
and it is positively associated with being located in the same industry and region. Further, we find that exposure to foreign markets is positively associated with the probability of accepting online orders. Firms located outside the capital city region are less likely to accept online orders. This is true for domestic firms and for foreign owned firms located in the west of Ireland. These differentials in the ICT diffusion across regions may reflect supply effects related to the uneven provision of ICT infrastructure such as ISDN lines and broadband.
The probability of using both a web site and accepting online orders is positively associated with the share of clerical workers, export intensity, location in the capital city region, the share of firms in the same industry and in the same region that have a website as well as the share of firms in the same industry and in the same region that accept online orders. In contrast, firms with less than 20 employees, older firms, less skill intensive and less export intensive firms are more likely not to have website and not to accept online orders.
With respect to the intensity of using ICT, we find that the share of employees using computers is higher the younger the firm is, for skill-intensive firms, and for firms located in the capital city region. Domestic firms with a high export intensity have a higher share of employees using computers. Being located in the same industry and in the same region with a high share of firms that have a website is positively associated with the share of employees using computers. The share of online transactions is positively associated with firm size and export intensity and there are positive epidemic effects from the share of firms located in the same industry and region that accept online orders.
Whether and to what extent a wider and faster ICT diffusion is desirable is beyond the scope of this paper. The literature on public policy related to technology diffusion (Stoneman and Diederen, 1994) points to three sources of market failure which might justify policy intervention to speed up the diffusion of ICT: imperfect information, market b monetary values expressed in thousand euros in 2000 prices. Turnover data were deflated using the sector level producer price index reported by the CSO; wage data were deflated using the consumer price index. CIP: Census of Industrial Production; ECS: Survey of E-Commerce and ICT
